ABSTRACT. Interest in landraces conservation has grown in the last decades with research on the topic focusing on in situ conservation of agrobiodiversity in the tropics. Researchers agree that home gardens play a key role in the maintenance of in situ agrobiodiversity, but few studies have analyzed how farmers actually maintain agrobiodiversity in home gardens and what mechanisms they use to avoid genetic erosion. We evaluate the functioning of a network of seed exchange and explore its contribution to agrobiodiversity conservation. We focus on the exchange of seeds and seedlings among 55 home garden keepers who grow a total of 62 home gardens in Vall Fosca (Catalan Pyrenees). Fieldwork included visits to gardens and surveys to register the frequency and management of local landraces. We also asked about the farmers' network of seed exchange. We identified 20 local landraces belonging to 17 species. People who were mentioned more often in the network of seed exchange (highest indegree) and who had a higher level of intermediation among other people in their personal network (highest egobetweenness) conserved more local landraces and had more local landrace knowledge than people who were less central in the network. Our findings suggest that local landrace conservation is strongly associated with individual position in the network of seed exchange.
INTRODUCTION
Throughout the last few years, interest in possible ways to stop the loss of crop genetic diversity, or agrobiodiversity, has increased. In that effort, researchers and policy-makers have pointed out the importance of in situ conservation, or the conservation of species in their own habitat, as a complementary strategy to ex situ conservation, or conservation of species in genetic banks (Oldfield and Alcorn 1987, Brush 1991) . Researchers have highlighted the importance of agrobiodiversity in situ conservation for four main reasons. First, in situ conservation is a dynamic mechanism by which new genetic resources are created (Louette et al. 1997) , allowing the adaptation of the crops to changing environmental conditions . Second, this conservation mechanism is tied to food safety and sustainable food production, since adapted crops have low dependence on external inputs like pesticides or fertilizers (Prescott-Allen and Prescott-Allen 1982, . Third, agrobiodiversity in situ conservation ensures the maintenance of cultural information (knowledge and traditions) that can affect crop productivity (Cox 2000 , Maffi 2002 ). Finally, agrobiodiversity in situ conservation allows for the creation and conservation of other agroecosystem active components such as social networks (Zimmerer 2003) .
During the last three decades, efforts to ensure agrobiodiversity in situ conservation have also reached the policy realm. The first example of political interest in the topic is found in the 1992 Biological Diversity Convention. After the agreements in the Convention and throughout its work program on agrobiodiversity, Biodiversity International, one of the centers of the Consultative Group for International Agricultural Research, has worked on agrobiodiversity in situ maintenance and usage (Jarvis and Hodgkin 2008) . Another political effort in the same line can be found in the adoption by the European Commission in June 2008 of a proposal to allow the cultivation and sale of some traditional crops that are not registered in the Common Catalogue of home garden species. This proposal aims to promote agrobiodiversity in situ conservation by reducing the impact on genetic diversity erosion caused by the rules and costs generated by the previous obligation to register commercial crop varieties in the Common Catalogue.
Despite the academic and political interest in the topic, few studies have analyzed how agrobiodiversity is actually maintained in farmers' fields. Research on the topic, mostly from South America and Asia, suggests there is a connection between the conservation of agrobiodiversity in farmers' fields and the exchange of seeds and seedlings (Zimmerer 1996 , Louette et al. 1997 , Thiele 1999 , Zimmerer 2003 , Badstue et al. 2007 ). For example, in a study in Peru, Ban and Coomes (2004) found that home garden agrobiodiversity was strongly tied to the number of seedlings and seed exchanges done by the gardeners, which the authors interpreted as support for the idea that seed exchange promotes the creation and preservation of genetic diversity. Following this line of (Bellon 2004 , Stromberg 2010 .
We contribute to this line of research by evaluating the functioning of a seed exchange network, a type of social network. A social network is a measure of the social world based on a tie definition among a set of actors, in this case, spontaneous socialization among people owning a home garden. Specifically, we (1) assess the structure of the seed exchange network, and (2) estimate the association between an individual's centrality on the seed exchange network and (i) local landrace in situ conservation and (ii) local landrace knowledge. For the empirical analysis, we use data from highmountain home gardens in an under studied region: the Vall Fosca, Catalan Pyrenees. Based on previous research that suggests that the exchange of knowledge and information is crucial for the effective governance of natural resources (Bodin and Crona 2009) , we hypothesize that informal networks of seed exchange can play an important role in agrobiodiversity in situ conservation. Based on previous studies (Vogl and Vogl-Lukasser 2003 , Acosta-Naranjo and Díaz-Diego 2008), we also assume that seed and knowledge are transmitted together. We use the term "home garden" to refer to small, fenced plots relatively close to the gardener's homestead, where annual, biennial, and perennial cultivated species are grown in beds (Vogl and Vogl-Lukasser 2003) . We focus on home gardens because previous research has highlighted the importance of home gardens in the maintenance of plant genetic resources (Agelet et al. 2000 , Sunwar et al. 2006 , Perrault-Archambault and Coomes 2008 , Calvet-Mir et al. 2011 ) and has underlined the link between agrobiodiversity in situ conservation and seed exchange in home gardens (Ban and Coomes 2004) . We adapt previous definitions of "local landrace" (Brown 1978 , Cleveland et al. 1994 , Guzmán-Casado et al. 2000 , Louette and Smale 2000 and use the term to refer to annual and biennial crops that have been continuously reproduced by gardeners for more than one generation (30 years or more) in the geographic area of study. For perennial crops and crops with vegetative reproduction, we use the term local landrace when a specific crop has been cultivated and reproduced in the area for more than 60 years. Gardeners have selected these crops from among domesticated or wild species and have adapted them to the local environmental conditions and to the local agrarian culture, uses, and management. Finally, we use the term "local landrace knowledge" to refer to the cumulative body of knowledge, practice, and belief related to local landraces that have evolved by adaptive processes and been handed down through generations by cultural transmission (adapted from Berkes et al. 2000) .
METHODS
This study is part of a larger research project on home gardens in three rural areas of the Iberian Peninsula (Aceituno-Mata 2010, Calvet-Mir et al. 2010 , CalvetMir et al. 2011 . We collected data on the Vall Fosca (Northern Catalonia) between March and September 2008 and between July and September 2009. Data collection included participant observation, garden inventories, and semi-structured and structured interviews.
Study site
Vall Fosca is a 200 km 2 Pyrenean valley of glacial formation lying along the Flamisell River (Fig. 1) , and has about 1000 inhabitants. At the administrative level, it is constituted mainly by the municipality of La Torre de Capdella and partially by the municipality of Senterada. The altitude in the region varies from 729 masl to nearly 3000 masl. Annual precipitation ranges from 800 to 1200 mm, depending on the altitude. The altitudinal vegetation gradient varies from Mediterranean to alpine communities. Peasants who worked as cattle dealers were the main inhabitants in the valley. However, over recent years, local inhabitants have started to combine traditional activities, such as cattle ranching, with tourist services by offering accommodation and food for urban visitors. High altitudes and the presence of slopes make it difficult to engage in intensive agriculture, which explains why the area lacks a strong agricultural sector. Furthermore, the most characteristic form of agriculture in the area is home gardens. Home garden products are grown mainly for household needs, and normally are not sold. As part of their household activities, women customarily managed home gardens because the men spent much of their time outside the house in charge of the cattle. http://www.ecologyandsociety.org/vol17/iss1/art29/ Nowadays, retired men manage home gardens as a hobby. Because of the absence of shops and the difficult access to the market town, especially in winter, home gardens traditionally included a wide diversity of species and varieties. For the same reasons, most seeds were kept or exchanged. According to our informants, before the 1970s, when accessibility to the market town improved, seed storage and exchange were the most common ways to acquire seeds. Conversely, previous studies have shown that nowadays as much as 80% of plants in the studied gardens have a commercial origin (Calvet-Mir et al. 2011) . However, local landraces are out of the market and can be acquired only via exchange. We have also found that women, retired people, people who manage an organic garden, and experienced gardeners conserve more local landraces than do other people (Calvet-Mir et al. 2011) . Additionally, in an effort to strengthen in situ agrobiodiversity conservation, in 2005, a local seed bank was established in the area with the goal of conserving local landraces of two neighboring valleys based on the participation of local gardeners. Gardeners are provided local landraces to sow in their gardens and are asked to return part of the seeds to the local seed bank. However, less than 10% of the gardeners in Vall Fosca are active collaborators in the local seed bank, mainly due to accessibility issues for people who are too old to drive a car.
Sampling
Research was conducted in 16 of the 23 villages that are geographically within the Vall Fosca. We excluded villages without permanent residents or without home gardens. Villages in the sample varied in altitude, population size, and composition. Altitude ranged from 729 to 1422 masl, and the number of permanent residents ranged from five to 156. In three villages, there was only one permanent household. Only three of the villages had a grocery shop, although an itinerant trader who sells fruits and vegetables visits all the villages once a week. Most households owned a car, and all the villages had a weekly public transport service to the nearest market town, La Pobla de Segur.
Structured data collection included the inventory of 62 home gardens belonging to 55 households, and a survey conducted with primary garden keepers (55). Since we surveyed almost 70% of the villages in Vall Fosca and all of the available gardens in those villages, our sample captured almost all of the potential gardeners in the area.
Methods of data collection
Participant observation: We used participant observation to achieve a better understanding of home gardening in the area. During fieldwork, we worked with garden keepers and observed their work. For example, we helped them when planting and accompanied them during harvest time. Living in the village gave us ample opportunities-other than during the formal interviews-to interact with gardeners and to discuss the gardens' progress and many other issues.
Semi-structured interviews: We conducted semi-structured interviews with a sample of 28 elderly men and women who owned a home garden. We asked about the management of home gardens and the presence and management of local landraces over the last 70 years.
Inventory: We visited each home garden three times. In the first visit, we asked the main keeper to accompany us to the home garden and to identify all the plants cultivated in it. In the two subsequent visits, we inquired about the presence of other plants that had not been planted during the first visit. The lead author determined which species were being grown based on the vernacular name and took photos of each variety to compare the information with that used by botanists from Universitat de Barcelona, Universidad Autónoma de Madrid, and Universidad de Oviedo. Vouchers of all local landraces were deposited in the herbarium of the Centre de Documentació de Biodiversitat Vegetal, Universitat de Barcelona.
Survey: We conducted a questionnaire with the 55 home garden primary keepers. In Vall Fosca, the primary garden tender is the person who mainly performs the activities related to the home garden management. Other members of the family act only as secondary managers. The questionnaire was divided into five sections: (1) socioeconomic characteristics of the gardener, (2) home garden management practices, (3) seed and propagule origin and management, (4) seed exchange network, and (5) local landrace knowledge. In the first section, we compiled information about the socioeconomic characteristics of the main home garden keeper, including age, gender, and number of years gardening. In the second section, we asked about fertilization and pest management techniques used in the home garden. In the third section, we asked about the origin of the seeds and propagules of all the plants in each garden. We also asked about the number of years that a crop had been grown from seeds kept from previous years. In the fourth section, we asked keepers about their seed exchange network. Specifically, we asked, "Could you please list the name of all the people to whom you have ever given seeds or any other type of propagule?" Once the person stopped listing names, we asked, "Could you please list the name of all the people who had ever given you seeds or any other type of propagule?" After all the names were listed, we asked informants the sex, age, and place of residence of all the people listed. In the last section, as a proxy for gardeners' local landrace knowledge, we asked them to identify seeds and pictures of local landraces and to respond to questions about their management and usage . The questionnaire included six questions on three local landraces (6*3 = 18 questions): one of the landraces was well known in the valley, one was quite well known, and one was rare. The six questions for each local landrace were similar and included (a) the identification of the seed by its local name, (b) the presence of the local landrace in the informant's garden at the Ecology and Society 17(1): 29 http://www.ecologyandsociety.org/vol17/iss1/art29/ time of the interview, (c) the presence of the local landrace in the informant's garden during previous years, (d) having the local landrace in storage, (e) a question on landrace management, and (f) a question on landrace use.
Methods of data analysis
Social network analysis: We used information on section four of the survey to (1) explore the network of seed exchange and (2) calculate two individual centrality network measures (indegree and egobetweenness). Information was analyzed with the program UCINET6-Netdraw for Windows (Borgatti et al. 2010 ).
In order to identify the network of seed exchange, we used two name generators consecutively as stated above: "to whom you have ever given seeds or any other type of propagule" and "who had ever given you seeds or any other type of propagule". The response of one informant to the first name generator fills one row in the first matrix (thus, the responses of all informants to the first name generator fill all the rows of the first matrix), and the response of one informant to the second name generator fills one column of the second matrix (thus, the responses of all informants to the second name generator fill all the columns of the second matrix). The two matrices were joined following the UnionGraph procedure from UCINET6. This procedure sums up the edges that relate dyads taken from the 55 gardeners interviewed, resulting in cells with values that range from 0 to 2. The former value implies that any edge was present in the matrices, the value of 1 indicates that only one edge was present in one of the two matrices, and the latter value indicates that the edge was present in both of the matrices, meaning that both actors agree on the direction of the seed exchange. Finally, if one of the alters was not part of the gardeners interviewed, a corresponding column was added. Some of the procedures used in this work dichotomize automatically the matrix (i.e., egobetweenness). In the case of indegree, we computed the weighted indegree (reciprocated nominations have a value of 2, and simple nominations have a value of 1).
By joining information from the two networks, we reduced the number of missing ties that occurred as a consequence of recall bias (Brewer 2000, Feld and Carter 2002) , so the resulting matrix more accurately represented the actual network of seed exchange in the valley than one of the two original matrices. Based on Borgatti et al. (2010) , we then calculated four network measures: (1) size, or number of actors in the network; we differentiated between actors living within and outside the studied villages; (2) number of components, or the number of connected subgraphs in which all actors were directly or indirectly in contact; (3) density, or the number of links in the network, expressed as a proportion (from 0 to 1) of the maximum possible number of links; and (4) network centralization index, or the tendency of a few actors in the network to have many links (expressed in percentage).
Using the sum of responses to the two name generating questions, we also calculated two individual centrality measures (Borgatti et al. 2010 ): (1) indegree refers to the number of nominations that a person received on other people's lists. For example, if nine people mentioned one informant when asked to list the name of seed givers or receivers, then the informant would have an indegree of nine; and (2) egobetweenness measures how many alters are connected to each other through the person (ego), and it indicates the importance of each person connecting his/her personal network. It is a measure of the proportion of times that ego lies in the shortest path between each pair of alters.
Generation of outcome and control variables: We used answers to survey questions to generate additional variables for statistical analysis. Outcome variables included local landrace conservation and local landrace knowledge. We used the questions on seed and propagule origin and management to identify local landraces, and generated a variable, local landrace conservation, which captured the number of local landraces kept by each gardener. We also generated a variable that served as a proxy for individual knowledge of local landraces, local landrace knowledge, by adding responses to all the knowledge questions related to local landraces. Since questions on local landraces were coded as correct (1) or incorrect (0), the scores for local landrace knowledge ranged from 0 to 18 (18 = 3 local landraces*6 questions).
Finally, we created four binary variables to use as controls in multivariate regression models. Male was coded as 1 if the main keeper of the garden was a man; otherwise, the code was 0. Retired was coded as 1 if the person was 65 years or older, since 65 is the usual age of retirement in Spain; otherwise, the code was 0. Experienced was coded as 1 if the person had continuously been gardening for 25 years or longer; otherwise, the code was 0. We used information on garden management techniques to classify gardens as organic or nonorganic. A garden was classified as organic if the gardener reported the use of manure or organic products as the main fertilization management technique and the use of manual, organic, or nottreatment methods as the main management techniques to control weeds and pests. We coded the variable organic as 0 if the gardener used chemical fertilizers or agrochemical pests and weed control as primary management methods.
Statistical analysis: We ran Spearman correlations and a set of multiple regressions to examine the association between the person's centrality in the seed exchange network (explanatory variables) and (1) local landrace conservation and (2) local landrace knowledge (outcome variables) while using the proxy variables for the socio-demographic characteristics of the person as the control. Regression models were Poisson with clustering by village of residency. For the statistical analysis, we used STATA 9 for Windows. 
RESULTS

Descriptive analysis
We found 20 varieties from 17 species that fitted with our definition of local landrace (Table 1) . On average, each gardener kept 2.6 local landraces (SD = 2.4) ( Table 2) . One gardener had 8 local landraces, but 14 gardeners (25.45%) did not have any. From a range of 0 to 18, the average score of local landrace knowledge was 8.0 (SD = 4.5). Two gardeners obtained the maximum score, while four gardeners (7.27%) scored 0. About half (45.5%) of the people in the sample were men, half (50.9%) were experienced gardeners, and 52.7% were retired people. Organic home gardens represented 74.6% of the sample. On average, each gardener nominated 2.03 people as seed givers or receivers (SD = 1.6).
Gardeners had an average indegree of 2.5 (SD = 1.9) and an average egobetweenness of 3.8 (SD = 5.5) ( Table 2) . Analysis (not shown) suggested that both measures were collinear, and that on average, women had a higher indegree (3.1) than men (1.8; p = 0.01). Women also had a higher egobetweenness than men (5.1 versus 2.2; p = 0.04), although the two centrality measures did not vary according to the other control variables analyzed.
Network of seed exchange in Vall Fosca
The network of seed exchange in Vall Fosca was composed of 111 actors or people nominated by the 55 local gardeners when asked about seed exchanges. Those actors included 76 gardeners in Vall Fosca and 35 living outside the research area. The 21 gardeners within the Vall Fosca that were not part of our study population were mainly people who had recently given up managing a home garden due to their advanced age.
The network had a centralization index of 4.91%. The measure was low relative to that of a pure star network, which will have a centralization index of 100%, thus indicating that the degree of concentration in the distribution of degree centralities among the actors was fairly low. The network had five independent components (Fig. 2) . That is, gardeners who could potentially be connected were in fact organized in five disconnected networks. The largest component included 76.6% of the actors, the second largest included 10.8%, and each of the other three components included less than 5% of the actors. The analyzed network had a low density (0.018), indicating that there were few ties even between the actors that belonged to the same component.
Centrality and local landrace conservation and knowledge
The bivariate and multivariate analyses of the relation between centrality and local landrace conservation and knowledge was conducted with the subset of actors from which we had complete information on the outcome variables (n = 55). In Spearman correlation analysis, we found a positive association between our two measures of an individual's centrality in the network of seed exchange and local landrace conservation and local landrace knowledge (Table 3) . Specifically, people with a higher indegree (i.e., mentioned more often) conserved more local landraces (p = 0.006) and had more knowledge (p = 0.03) than people with lower indegree. Figure 3 provides a visual representation of the association between a gardener's indegree (size of the node) and local landrace conservation (color of the node). We also found that people with higher egobetweenness (i.e., with more brokerage in her/his personal network) also conserved more local landraces (p = 0.004) and had higher knowledge (p = 0.07) than people with lower egobetweenness (Table 3) . Table 3 . Spearman correlations between individual centrality measures (indegree and egobetweenness) and local landrace conservation and knowledge (n = 55). For definition of variables, see Table 2 .
Local landrace conservation
Local landrace knowledge Indegree 0.37*** 0.30** Egobetweenness 0.38*** 0.24* * Significant at p ≤ 10%, ** Significant at p ≤ 5%, *** Significant at p ≤ 1%
We tested the associations using multivariate analysis. In additional analyses (not shown), we tested the robustness of the results in two different ways. First, we changed the control variables in the model (including retired and organic, and different combinations of the control variables). We included them in separate models since our sample size was small and we could not include many control variables in our model. Second, we ran the regressions using the variables indegree and egobetweenness with the information on nominations as seed giver and seed receiver separately. Results from our robustness models did not significantly vary from results in Table 4 . We also conducted additional analyses (not shown) bynarizing the matrix we used to construct the variable indegree. Bynarizing the matrix produced an unweighted measure of indegree. We used this measure in our multivariate analysis and found similar results in magnitude and significance as when using the weighted measure.
DISCUSSION AND CONCLUSION
Two main findings emerged from our work: (1) the seed exchange network in Vall Fosca is active but fragmented, decentralized, and has a low density of exchanges, and (2) centrality on the network of seed exchange is associated with local landrace conservation and knowledge.
The structure of the Vall Fosca seed exchange network
Several studies have suggested that seed exchange is not the main mechanism for seed acquisition since gardeners exchange seeds only occasionally (Badstue et al. 2007 , Stromberg et al. 2010 . Our previous research suggested that as much as 80% of plants in the studied gardens have a commercial origin (Calvet-Mir et al. 2011) . In that context, it is not surprising that, although active, the Vall Fosca network of seed exchange is fragmented, decentralized, and has a low density of exchanges.
We found that the network is fragmented into five small networks that correspond mostly to subgroups of seed exchanges among people from the same or neighboring http://www.ecologyandsociety.org/vol17/iss1/art29/ Fig. 2 . Seed exchange network in Vall Fosca (Catalan Pyrenees). Note: Nodes (111 gardeners who participated in seed exchanges) are shaped by the sex of the node (triangle for men, circle for women, and a square for a local seed bank), and colored to indicate different network components. The number next to the node corresponds to the identification number of the primary garden tender (the first three numbers for village of residency). Edges arrow represents the direction of the nomination.
villages. Three of the smallest networks correspond to exchanges among people from the most geographically isolated villages, who exchange seeds mainly among themselves. In one of these villages, elders told us that they do not exchange seeds with people from other villages because, due to their age, they rarely visit those other villages, and it is easier for them to ask their relatives or friends to bring them seeds or seedlings from the market town. The smallest network corresponds to one person who exchanged seeds only with people from outside the valley. The network is not only fragmented, but also fragile, because some of the people within the groups are connected by only one tie. Fragmentation constitutes a clear limitation on seed exchange networks as an effective mechanism for the conservation of agrobiodiversity and its associated knowledge at the local level since it hampers the possibility of an individual to access all the local landraces and knowledge within the network. As in other situations (Borgatti and Foster 2003) , fragmentation might undermine the development of trust between people, further affecting the exchange of seeds and knowledge. Bodin et al. (2006) have also suggested that fragmentation reduces the social memory and the learning and adaptive capacities of the network. Our results provide an example of how those processes might occur. Elders mentioned that in the past, when there were no markets for seeds, everybody had many seeds and there were many exchanges. Since the establishment of a seed market in the area, most people prefer to buy seeds and seedlings to avoid problems of seed degeneration and to evade the extra work http://www.ecologyandsociety.org/vol17/iss1/art29/ that comes with the seed bank preparation. As a consequence, the number of seed exchanges and associated social interactions between gardeners has decreased.
We also found that the network is decentralized, meaning there is not a tendency for a few actors to have many links. Surprisingly, not even the local seed bank, which was created to improve the circulation of information on local landraces, has a central role in the network. Centralization can play a double role in the conservation of agrobiodiversity and its associated knowledge. On the one side, a low degree of centralization can increase the opportunities for learning because it increases the access of individual actors to multiple sources of information (Abrahamson and Rosenkopf 1997) . For example, an informant who actively collaborates with the local seed bank pointed out that maintaining links with gardeners outside his village increased their access to several local landraces that they did not know. On the other side, a low degree of centralization can hamper the process of solving simple problems, such as seed degeneration, because relevant information cannot be relayed to and synthesized by a few actors who can make a decision and take action (Leavitt 1951 , quoted in Bodin et al. 2006 ).
Lastly, we found that the network had a low density of exchanges. Like decentralization, low network density might also have unclear effects on agrobiodiversity conservation. On the one side, a low level of density can provide a multiple set of experiences and knowledge (Bodin and Norberg 2005) that can be useful to maintain the maximum number of local landraces and knowledge. On the other side, low density may debilitate the trust between individuals and groups and consequently increase the risk and cost of collaborating with others (Ostrom 1990 ), a prerequisite for maintaining the seed exchange network.
In summary, our results also suggest that, although fragmented and with a low density, the informal network of seed exchange is still alive in the area, and like in other contexts (Thiele 1999, Bodin and Crona 2009) , this informal network represents a more important mechanism of seed exchanges than the local seed bank. In a sense, in the studied context, our results can help conceptualize social networks as human biologic corridors that facilitate the conservation of agrobiodiversity by social interactions between actors.
Centrality, local landrace conservation, and knowledge Based on previous studies (Vogl and Vogl-Lukasser 2003, Acosta-Naranjo and Díaz-Diego 2008) , in this work we considered conservation of local landraces and associated knowledge as parts of agrobiodiversity conservation. Our results suggest that, indeed, at the individual level, measures Variable deliberately omitted * Significant at p ≤ 10%, ** Significant at p ≤ 5%, *** Significant at p ≤ 1% of network centrality are associated with those two aspects of agrobiodiversity conservation. The finding that centrality in the seed exchange network is associated with local landrace conservation and knowledge reinforces previous findings on the importance of seed exchanges in ensuring the maintenance of local agrobiodiversity (Thiele 1999 , Zeven 1999 . Farmers have traditionally used informal networks to acquire seeds (Vogl and Vogl-Lukasser 2003, Acosta-Naranjo and Díaz-Diego 2008) , especially those only locally available (Ban and Coomes 2004 , Badstue et al. 2007 , Stromberg et al. 2010 .
A potential explanation of why individual centrality on the network of seed exchange is associated with local landrace conservation and knowledge is the role of seed exchange as an agrobiodiversity conservation mechanism. As suggested for other regions (Thiele 1999 , Ban and Coomes 2004 , Badstue et al. 2007 , Stromberg et al. 2010 , it is likely that in Vall Fosca, the exchange of seeds favors local landrace conservation since local landraces are out of the market in a context where the main way of propagules acquisition is the market (Calvet-Mir et al. 2011) .
It is also worthy to note that the exchange of local landraces might be a marker of cultural identity. As Stromberg et al. (2010) noted, the significance of gifts as a source of seeds, although rare, indicates the social significance of varietal exchange as a contributor to maintaining agrobiodiversity. For example, we observed that gardeners in Vall Fosca plant large seed banks with local landraces so they can offer seeds to friends and relatives. Gifts of local landraces are locally highly appreciated.
Finally, social network analysis shows how gardeners mingle with each other and allows their role in the network to be identified. As other authors have pointed out (Prell et al. 2007 ), social network analysis, combined with other tools as stakeholder analysis, could be used to select stakeholders for participation in natural resource management initiatives. Results from our analysis could therefore be used to strengthen seed exchange networks by practitioners aiming to strengthen the networks of seed exchange. For example, after identifying the different roles in a network, practitioners could put the main intermediaries in the network in touch with the main local landraces and local landrace knowledge keepers in order to spread the seed and knowledge throughout the network.
In conclusion, our study suggests that social network analysis can provide many insights in the analysis of networks of seed exchanges, and could support projects for agrobiodiversity conservation.
Limitations
Results from this study should be taken with caution due to some methodological limitations. First, since we did not conduct genetic analyses of local landraces, it is possible that we over or underestimated the number of total local landraces. Second, our measure of local landrace knowledge might be biased since we asked about only three local landraces, and they might capture only a reduced spectrum of all local landrace knowledge within the valley. Third, our sample size (n = 55) was small for multivariate statistical analysis that would allow us to estimate the relative weight of the different variables. Fourth, we assumed that seed and knowledge are transmitted together; however, it is possible that people engage in knowledge exchange without exchanging seeds, or vice versa. Lastly, we had to rely on gardeners' information to construct the network of seed exchange. Previous authors have noted that seed exchanges are difficult to record because gardeners do not remember them well (Badstue et al. 2007 ). Reports of interactions can also be affected by a number of other factors (e.g., informants' recall capacity, frequency of the interaction, time since last interaction), so relying on reported data might have biased our results in an unknown magnitude and direction.
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